Genetic polymorphisms of UDP-glucuronosyltransferases (UGTs) are involved in individual and ethnic differences in drug metabolism. To reveal cooccurrence of the UGT1A polymorphisms, we first analyzed haplotype structures of the entire UGT1A gene complex using the polymorphisms from 196 Japanese subjects. Based on strong linkage disequilibrium between UGT1A8 and 1A10, among 1A9, 1A7, and 1A6, and between 1A3 and 1A1, the complex was divided into five blocks, Block 8/10, Block 9/6, Block 4, Block 3/1, and Block C, and the haplotypes for each block were subsequently determined/inferred. Second, using pyrosequencing or direct sequencing, additional 105 subjects were genotyped for 41 functionally tagged polymorphisms. The data from 301 subjects confirmed the robustness of block partitioning, but several linkages among the haplotypes with functional changes were found across the blocks. Thus, important haplotypes and their linkages were identified among the UGT1A gene blocks (and segments), which should be considered in pharmacogenetic studies.
Introduction
Glucuronidation, catalyzed by UDP-glucuronosyltransferases (UGTs), is one of the critical steps in the detoxification and elimination of various endogenous and exogenous compounds. 1, 2 As for the genes coding UGTs, two subfamilies, UGT1 and UGT2, have been identified in humans. The human UGT1A gene complex spans approximately 200 kb, is located on chromosome 2q37, and consists of nine active and four inactive exon 1 segments (in the following segment order: UGT1A12P, 1A11P, 1A8, 1A10, 1A13P, 1A9, 1A7, 1A6, 1A5, 1A4, 1A3, 1A2P, and 1A1) and common exons 2-5 ( Figure 1) . One of the nine active exon-1's (namely, 1A1 and 1A3-1A10) can be used in conjunction with the common exons. 2, 3 The UGT1A N-terminal domains (encoded by the exon-1's) determine the substrate-binding specificity and the C-terminal domain (encoded by exons 2-5) is important for binding to UDP-glucuronic acid. 1 Thus, the exon 1 segments confer the substrate specificity of UGT1A isoforms, 4 and the 5 0 -flanking region (and possibly the 3 0 -flanking region) of each exon 1 is acknowledged to independently regulate the expression of each isoform. 3, 4 A number of genetic polymorphisms including single nucleotide polymorphisms (SNPs) in UGT1As have been identified and published on the UDP glucuronosyltransferase home page (http://som.flinders.edu.au/FUSA/ClinPharm/UGT/allele_table.html). Some of these polymorphisms are known to affect glucuronidation rates. [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] Regarding 1A1, a TATA box variant (À40_À39 insTA: *28 allele), increases the risk of irinotecan-induced toxicity via decrease in detoxicating glucuronidation of 7-ethyl-10-hydroxycamptothecin (SN-38), an active metabolite of irinotecan. 5 Another 1A1 polymorphism, 211G4A (G71R: *6 allele), also shows reduced activity to SN-38. 7, 15 In addition, it has been reported that the 1A7 alleles, *2 (387T4G (N129K), 391C4A and 392G4A (R131K)), *3 (N129K, R131K, and 622T4C (W208R)) and *4 (W208R) show reduced activities towards benzo(a)pyrene metabolites: for SN-38 glucuronidation, *3 and *4, but not *2, are less active. 6, 7 Haplotypes, linked combinations of SNPs on a chromosome, have the advantage of providing more useful information on phenotype-genotype links than individual SNPs. 16 Co-occurrence of the SNPs or segmental haplotypes with functional changes in the UGT1A complex could lead to a cooperative alteration in glucuronidation activity. Kohle et al. 17 reported close linkages among 1A1*28, 1A6*2 (T181A/R184S), and 1A7*3 (N129K/R131K/W208R) in Caucasians and Egyptians. Moreover, a recent analysis has shown that the low-activity alleles, 1A7*2 and *3, were completely associated with the 1A9 À126_À118 T9 allele, whereas the high-activity 1A7*1 allele was linked with the À126_À118 T10 allele (1A9*22: high expression) in Americans. 18 However, there is no haplotype analysis with a high SNP density for the entire UGT1A complex, especially for Asian populations, which includes the Japanese.
Previously, we have reported the segmental haplotype structures for 1A1, 1A4, and 1A6 exon-1's in Japanese subjects. [19] [20] [21] In this study, additional first exons (1A3, 1A7, 1A8, 1A9, and 1A10) and their surrounding promoter or intronic regions were sequenced for the same 196 Japanese subjects as used for the analysis of 1A1, 1A4, and 1A6, and the haplotypes for the UGT1A complex were inferred in linkage disequilibrium (LD) blocks, 1A8-1A10, 1A9-1A7-1A6, and 1A3-1A1. Then, the tagged polymorphisms with functional changes were genotyped for additional 105 Japanese subjects. Finally, several linkages among the block haplotypes were inferred in a total of 301 subjects and compared with those of other ethnic groups.
Results
UGT1A8, 1A10, 1A9, 1A7, and 1A3 polymorphisms detected in a Japanese population All the exon-1's and their flanking regions of UGT1A8, 1A10, 1A9, 1A7, and 1A3 were sequenced in 196 Japanese subjects (108 arrhythmic patients and 88 cancer patients). As for 1A6, 1A4, 1A1, and common exons 2-5, their SNPs and segmental haplotypes have already been reported. [19] [20] [21] UGT1A5 was omitted from the current analysis because the expression of 1A5 mRNA has not been shown in any tissue.
2 AF297093.1 (GenBank accession number) was used as the UGT1 reference sequence. All the allele frequencies were in Hardy-Weinberg equilibrium. No statistically significant differences in allelic frequencies of the detected SNPs were found between the subjects with the different disease types (PX0.05 by w 2 test or Fisher's exact test). Thus, the data for all subjects were analyzed as one group.
In 1A8, seven SNPs, including two novel synonymous ones, were detected ( Figure 2) . The known nonsynonymous Figure 1 The organization of the human UGT1A gene complex and the polymorphisms used for genotyping. The human UGT1A gene complex (nine active and four inactive exon-1's, and common exons 2-5) spans approximately 200 kb. Four pseudogenes (1A2p, 1A11p, 1A12p, and 1A13p), and 1A5, which mRNA expression has not yet been detected in any tissue, were not analyzed in this study and are depicted by the small and gray bars. The complex was divided into five blocks, Block 8/10, Block 9/6, Block 4, Block 3/1, and Block C.
Haplotypes of UGT1As in the Japanese M Saeki et al SNP, 518C4G (A173G, *2 allele), was found at a frequency of 0.594. As for 1A10, eight SNPs were detected. Among them, two polymorphisms, 4G4A (A2T) and 200A4G (E67G), were novel ( Figure 2 ). Previously reported SNPs 177G4A (M59I, *2 allele) and 605C4T (T202I, *3 allele) were both found at a 0.010 frequency. Seven polymorphisms were detected in 1A9, and two of them, À126_À118 T94T11 and 422C4G (S141C), were novel ( Figure 3) . The SNPs 726T4G (Y242X, *4 allele) and 766G4A (D256N, *5 allele) were found at frequencies of 0.003 and 0.010, respectively.
In this study, the known insertion, À126_À118 T94T10 (*22 allele), was also detected at a 0.666 frequency. A total of nine SNPs including two novel ones (À70G4A, and 726T4C (Y242Y)) were detected in 1A7 (Figure 3 ). The known nonsynonymous SNPs, 387T4G (N129K), 391C4A and 392G4A (R131K: the SNPs at 391 and 392 are completely associated), and 622T4C (W208R), were also detected at frequencies of 0.350, 0.350, and 0.219, respectively. In 1A3, 10 SNPs were detected, and only 46C4T (L16L) was novel. The known nonsynonymous SNPs, e The SNPs included in the PharmGKB database (http://www.pharmgkb.org/). f The haplotypes are described as numbers plus alphabetical letters. The prediction of rare haplotypes that were inferred from only one subject (frequency was 0.003) is sometimes inaccurate. e The haplotype numbering of UGT1A6 basically followed the numbering by Nagar et al.
14 f The haplotypes are described as numbers plus alphabetical letters. The prediction of rare haplotypes that were inferred from only one subject (frequency was 0.003) is sometimes inaccurate. 
LD analysis
Next, pairwise LD analysis was performed for the UGT1A genes using the polymorphisms detected in this study (1A8, 1A10, 1A9, 1A7, and 1A3) and previous studies (1A6, 1A4, 1A1, and common exons [2] [3] [4] [5] 19-21 from the same 196 subjects, and the values for rho square (r 2 ), chi square (w 2 ), and |D 0 | were obtained. Variations found in only one subject were excluded from the analysis. Since the data for r 2 and w 2 values were almost equivalent, only the data for r 2 is depicted in Figure 5 . Several close linkages within each segment were seen between the variations of the 1A8, 1A10, 1A7, and 1A3 gene segments, as seen in the 1A6, 1A4, and 1A1 segments and common exons that were previously analyzed. Furthermore, strong linkages were also observed across the segments, especially between 1A8 and 1A10, among 1A9, 1A7, and 1A6, and between 1A3 and 1A1, where approximately 19, 35.5, 10, 11, 26, 10.5, and 29.5 kb separate 1A10 from 1A8, 1A9 from 1A10, 1A7 from 1A9, 1A6 from 1A7, 1A4 from 1A6, 1A3 from 1A4, and 1A1 from 1A3, respectively. Thus, the region from 1A8 to 1A1 was divided into four LD blocks: Block 8/10 (1A8 and 1A10), Block 9/6 (1A9, 1A7, and 1A6), Block 4 (1A4), and Block 3/1 (1A3 and 1A1). The data from the |D 0 | values supported this block partitioning (data not shown). In addition, a few exceptional strong linkages (over 0.7 for r 2 ) beyond the LD blocks were also observed. The perfect linkage (r 2 ¼ 1) was detected between 1A10 177G4A (M59I) and 1A9 766G4A (D256N), and between 1A4 IVS1 þ 101G4T and 1A1 686C4A (P229Q). A strong LD (r 2 ¼ 0.95) was also shown between 1A8 711A4C (T237T) and 1A3 17A4G (Q6R). In addition, 1A7 756G4A (L252L) was strongly linked with 1A4 À219C4T, À163G4A, 142T4G (L48V), 448T4C (L150L), 804G4A (P268P), and IVS1 þ 43C4T (r 2 ¼ 0.78 or greater). The other linkages were less than 0.67 for r 2 .
Haplotype analysis Next, the haplotypes for Block 8/10, Block 9/6, and Block 3/1 were analyzed. The haplotypes of Block 4, consisting of the 1A4 segment, 21 and Block C, covering common exons 2-5 (Block 2 in a previous paper 19 ), have already been reported. The block haplotypes were tentatively named with Roman numerals plus small alphabetical letters. The haplotypes were also estimated for each gene segment (segment haplotypes), where a group of haplotypes without aminoacid changes was defined as *1.
As for Block 8/10, consisting of the two segments 1A8 and 1A10, six haplotypes were first unambiguously assigned by the presence of homozygous SNPs at all sites (*Ia, *Ib, *IIa, and *IIb) or a heterozygous SNP at only one site (*IIc and *IIIa). We separately estimated the diplotype configuration (a combination of haplotypes) for each subject by LDSUP-PORT software. The diplotype configurations of 184 subjects were inferred with a probability greater than 0.96, and the remaining diplotypes (12 subjects) had a probability greater than 0.54. The haplotype inferred in the diplotypes with low probabilities were described with a question mark in Figure 2 (i.e., *IVa?). There were eight additionally inferred haplotypes. The block haplotypes were also described in the form of segment haplotype (1A8 haplotype-1A10 haplotype) combinations in Figure 2 : in the 1A8 segment, the segment haplotype bearing the nonsynonymous A173G (*2 allele) was named *2; in 1A10, the haplotypes bearing M59I (*2 allele), T202I (*3 allele), A2T, and E67G were named *2, *3, *2T, and *67G, respectively. The most frequent block haplotype (segment haplotype combination in parenthesis) was *IIa (*2a*1a) (frequency: 0.492), followed by *Ia (*1b*1a) (0.311), *IIb (*2a*1b) (0.084), and *Ib (*1c*1a) (0.051). The frequencies of other block haplotypes were less than 0.05. The haplotypes are described as numbers plus alphabetical letters. The prediction of rare haplotypes that were inferred from only one subject (frequency was 0.003) is sometimes inaccurate.
It is noteworthy that the low-activity 1A10 haplotype *3 was completely linked with the 1A8*1 haplotype (Block 8/10 *IV).
Regarding Block 9/6 (1A9-1A7-1A6), 14 haplotypes were first unambiguously assigned by homozygous SNPs at all sites (*Ia, *Ib, *IIa, and *IIIa) or a heterozygous SNP at only one site (*Ic, *Id, *IIc, *IId, *IIIb, *IVa, *Va, *VIIIa, *XIa, and *XIIa). Additionally, eight haplotypes (*IIb, *IIe, *IIIc, *VIa, *VIb, *VIIa, *IXa, and *Xa?) were inferred, and diplotype configurations of 191 subjects were inferred with a 1.00 probability by the software. The haplotype inferred in the diplotype with a low probability was *Xa? ( Figure 3 ). The block haplotypes were also described as combinations of segment haplotypes (1A9 haplotype-1A7 haplotype-1A6 haplotype) in Figure 3 : in the 1A9 segment, the segment haplotype bearing Y242X (*4 allele), D256N (*5 allele), À126_À118 T94T10 (*22 allele), À126_À118 T94T11, or S141C were named *4,*5, *22, *T11, or *141C, respectively; in the 1A7 segment, the haplotype bearing N129K/R131K (*2 allele) was named *2, and the haplotype bearing N129K/ R131K/W208R (*3 allele) was named *3; in 1A6, the haplotypes bearing S7A/T181A/R184S (*2 allele), S7A/ R184S (*4 allele), S7A/S103X/T181A/R184S (*5 allele), and S7A/R90H/T181A/R184S (*6 allele) were named *2, *4, *5, Figure 5 Linkage disequilibrium (LD) analysis of UGT1A SNPs. Pairwise LD is expressed as r 2 (from 0 to 1) by a 10-graded blue color for the polymorphisms (n ¼ 2 or greater) in 1A8, 1A10, 1A9, 1A7, 1A6, 1A4, 1A3, 1A1, and common exons 2-5 located in the same order on the chromosome. The denser color represents the higher linkage. Block C: the same as Block 2 in the previous paper, and the nucleotide positions of polymorphisms in the exons 2-5 are numbered as in UGT1A1.
19 UTR: untranslated region.
and *6, respectively, as described previously. 20 The most frequent haplotype of Block 9/6 was *Ia (*22a*1a*1a) (0.594), followed by *IIa (*1a*3a*2a) (0.184), and *IIIa (*1a*2a*1a) (0.074) (Figure 3 ). The frequencies of the other haplotypes were under 0.05. Notably, most (97.6%) of the high-activity segment haplotype 1A9*22 was linked with 1A7*1 and 1A6*1 (Block 9/6 *I). The 1A7 low-activity haplotype *3 was mostly linked (97.7%) with 1A6*2 haplotype (*II and *IVa in Figure 3 ).
Regarding Block 3/1 (1A3-1A1), six haplotypes were first unambiguously assigned by the presence of homozygous SNPs at all sites (*Ia, *IIa, *IIIa, and *Va) or a heterozygous SNP at only one site (*Ib and *VIa). The diplotype configurations of 188 subjects were inferred with a 1.00 probability. The additionally inferred haplotypes were *IIb, *IIc, *IIIb, *IIIc, *IVa-*IVe?, and *VIIa. The haplotype *IVe? was inferred with a low probability ( Figure 4 ). The combinations of segment haplotypes (1A3 haplotype-1A1 haplotype) were also described in Figure 4 : in 1A3, the group bearing the nonsynonymous variations Q6R/W11R, W11R, R45W, and W11R/V47A were named the *6R11R, *11R, *45W, and *11R47A haplotypes, respectively; 22 in 1A1, the haplotypes bearing G71R (*6 allele), À40_À39 insTA (*28 allele with or without *60 allele), and À3279T4G (*60 allele without *28 allele) were named the *6, *28, and *60 haplotype groups as described previously. 19 The most frequent haplotype of Block 3/1 was *Ia (*1a*1a) (frequency: 0.564), followed by *IIa (*11R47A*28b) (0.122), *IIIa (*1a*6a) (0.102), *IVa (*11Ra*60a) (0.056), and *Va (*6R11R*60a) (0.051). The frequencies of the other block haplotypes were less than 0.05. It is noteworthy that the high-activity segment haplotype 1A3*11R47A was completely linked with the low-activity haplotype 1A1*28 (Block 3/1 *II). The lowactivity haplotype 1A1*6 was mostly linked (71.3%) with the 1A3*1 haplotype (*III). The high-activity 1A3*11R haplotype was perfectly linked with the low-activity 1A1*60 haplotype (*IV).
Finally, no statistically significant differences in haplotype frequencies were found between the subjects with the different disease types in Block 8/10, Block 9/6, and Block3/1 (PX0.05 by w 2 test or Fisher's exact test).
Genotyping and haplotype analysis across the LD blocks A typing method was developed and additional 105 Japanese subjects (16 arrhythmic patients and 89 cancer patients) were genotyped, where direct sequencing (for nine polymorphisms in the 1A9 5 0 -flanking region and 1A4) and pyrosequencing (for the rest of the polymorphisms) were used for detection of 41 polymorphisms (see Materials and methods and the Table 1 legend) with (potentially) functional importance. The frequencies from 301 subjects in total are described in Table 1 . Again, all the allele frequencies were in Hardy-Weinberg equilibrium, and statistically significant differences were not observed in any of the allelic frequencies between the two disease types (PX0.05 by w 2 test or Fisher's exact test). Almost the same LD map as in Figure 5 was obtained between the 41 tagged variations (data not shown), indicating the robustness of our block partitioning. It is noteworthy that the known variation 1A1 1456T4G (Y486D, *7 allele) was newly found in one subject (frequency: 0.002).
Several reports have shown that some polymorphisms in 1A9, 1A7, 1A6, and 1A1 were closely linked, 17, 18 and we also observed several weak linkages beyond the LD blocks (see Figure 5) . Therefore, the block-haplotype combinations (whole complex haplotypes) were analyzed among Block 8/ 10, Block 9/6, Block 4, Block 3/1, and Block C (common exons 2-5) by LDSUPPORT software utilizing the polymorphisms. In 1A4 (Block 4), the haplotypes bearing L48V (*3 allele) and R11W (*4 allele) were named *3 and *4, respectively, as described previously. 21 Polymorphisms found at a frequency less than 0.010, and subjects with these polymorphisms were excluded in this analysis. When Block 8/10 or Block C was included in the analysis, the whole-complex haplotypes were highly complicated (data not shown). However, if Block 8/10 and Block C were excluded, the diplotype configurations of 278 subjects were inferred with a probability greater than 0.91 (mostly40.95) using the 18 tagged polymorphisms (see Figure 6 legend for polymorphisms). The haplotypes covering Block 9/6, Block 4, and Block 3/1 are summarized in Figure 6 . Again, we did not find any statistically significant differences in frequencies of haplotypes covering Block 9/6, Block 4 and Block 3/1 between the subjects with the different disease types (PX0.05 by w 2 test or Fisher's exact test). The region from 1A9 to 1A1 is approximately 90 kb length. Since the 18 variations were used for haplotyping, the number of inferred haplotype combinations (only 26) is unexpectedly small compared to the theoretical ones ( Figure 6 ).
Several functionally important linkages were found across the blocks. Block 9/6 *VI (1A9*1-1A7*2-1A6*4) and Block 3/1 *IIb (1A3*11R47A-1A1*28c containing the *60, *28, and *27 alleles) were perfectly linked (6/6 cases). Most of the 1A1*6-containing haplotypes (Block 3/1 *III and *VI) (69/85 cases) were associated with Block 4 (1A4) *1 and Block 9/6 *II (harboring 1A7*3 and 1A6*2). The 1A1*60-harboring haplotypes (Block 3/1 *IV and *V) were very closely linked with Block 9/6 *III (harboring 1A7*2) and Block 4 *3 (59/71 cases of 1A1*60-harboring haplotypes). Most of Block 3/1 *VI (1A3*45W-1A1*6) (25/26 cases) was associated with Block 9/6 *II (1A9*1-1A7*3-1A6*2), and Block 4 *4 was perfectly linked (4/4 cases) with both Block 3/1 *VI and Block 9/6 *II.
In addition, we found that Block 8/10 *IV (containing the low-activity allele 1A10*3 (T202I)) was strongly linked with Block 9/6 *III (1A9*1-1A7*2-1A6*1), 1A4*3, and Block 3/1 *IV (1A3*11R-1A1*60) (4/5 cases of Block 8/10 *IV, data not shown). Block 3/1 *V (harboring 1A3*6R11R and 1A1*60a) was perfectly linked with Block C *IB (25/25 cases of Block 3/1 *V, data not shown).
Discussion
Previously, we have reported the genetic variations of UGT1A6, 1A4, 1A1 segments and common exons 2-5 found in 196 Japanese subjects. [19] [20] [21] In this study, we first directly The positions in UGT1A1 were used.
Haplotypes of UGT1As in the Japanese

M Saeki et al
sequenced 1A8, 1A10, 1A9, 1A7, and 1A3 using genomic DNA from the same Japanese subjects and detected 7, 8, 7, 9, and 10 genetic polymorphisms, respectively (Figures 2-4 ). Two and one novel nonsynonymous SNPs were found in 1A10 (4G4A, A2T; 200A4G, E67G) and 1A9 (422C4G, S141C), respectively. As for 1A9 S141C, our preliminary results have shown that this amino-acid substitution reduces the enzymatic activity against 7-hydroxy-4-trifluoromethylcoumarin in vitro (Jinno et al., unpublished data). Since the guanine base at position þ 4 is important for translation initiation, 23 1A10 4G4A might decrease the translation rate. Moreover, the luciferase-reporter activity of 1A9 À126_À118 T10 (1A9*22 allele) was reported to increase 2.6-fold as compared to that of 1A9 À126_À118 T9. 24 Therefore, the novel variation 1A9 À126_À118 T94T11 may also affect transcriptional activity. Further studies are needed to ascertain these possibilities. Recently, 1A7 À57G was reported to reduce the luciferase activity by 70% of the wild-type À57T. 25 While this SNP is linked with either 1A7*3 (129K/131K/208R) or *4 (208R) in Germans, our study showed that À57G was completely linked with 1A7*3 due to the absence of 1A7*4 in Japanese.
For the 1A8 alleles, only *1 and *2 were detected. Our segment haplotypes *1a, *1b, and *2a correspond to alleles *1a, *1, and *2, respectively, in a previous study on Americans. 8 The frequencies obtained in the United States, 8 0.282, 0.551, and 0.145, for *1a, *1, and *2, respectively, are different from those obtained in this study, 0.023, 0.316, and 0.587 for *1a, *1b, and *2a, respectively. The allele frequency of 1A9 À126_À118 T94T10 (*22 allele) in our data (0.666) was similar to that reported previously in Japanese (0.60), but higher than those in Caucasians (0.39) and African-Americans (0.44). 24 For 1A7, the frequencies of *1, *2 (129K/131K), and *3 (129K/131K/208R) haplotypes were 0.651, 0.130, and 0.219, respectively. Our data are comparable to the previous data for a Japanese population, 26 but not to those on Caucasians (0.355, 0.280, and 0.365) and Egyptians (0.420, 0.200, and 0.380). 17 As for 1A3, the frequencies of the haplotypes *1, *11R, *6R11R, *11R47A, and *45W were 0.692, 0.082, 0.051, 0.133, and 0.043, respectively. These are similar to the previous data obtained from the Japanese. 22 Recently, linkages among the SNPs in 1A9, 1A7, 1A6, and 1A1 have been reported in Americans. 18 By our LD analysis, strong linkages were shown between the SNPs in 1A8 and 1A10, among those in 1A9, 1A7, and 1A6, and also between those in 1A3 and 1A1. Moreover, this is the first report on the haplotype analysis using high-density SNPs for the entire UGT1A complex. By block haplotyping, several close linkages between the segmental haplotypes were observed: between the 1A8*1 and 1A10*3 haplotypes in Block 8/10; between the 1A7*3 and 1A6*2 in Block 9/6; between the 1A3*11R47A and 1A1*28 and between the 1A3*11R and 1A1*60 haplotypes in Block 3/1. Carlini et al. 18 reported that Figure 6 Combinations of Block 9/6, Block 4, and Block 3/1 haplotypes in a Japanese population. The used variations were UGT1A9 À126_À118 T94T10, 1A7 387T4G, 391C4A, 392G4A and 622T4C, 1A6 19T4G, 541A4G and 552A4C, 1A4 31C4T and 142T4G, 1A3 17A4G, 31T4C, 133C4T and 140T4C, and 1A1 À3279T4G, À40_À39 insTA, 211G4A and 686C4A. In 1A4 (Block 4), the haplotypes bearing L48V (*3 allele), and R11W (*4 allele) were named *3 and *4, respectively.
1A7 low-activity alleles (1A7*2 and *3) were perfectly linked to 1A9*1 in Americans (including Caucasians (83%) and African-American (14%)). Also in this study, most (95.6%) of the 1A7*2 or *3 alleles were linked to the 1A9*1 allele in Japanese (Figure 3) . We conducted additional typing of 105 subjects by pyrosequencing and direct sequencing, and confirmed the presence of several functionally important haplotype combinations beyond the blocks (Figure 6 ). In Americans (including Caucasians (83%) and African-American (14%)), 18 Caucasians, and Egyptians, 17 75, 78, and 57%, respectively, of 1A7*3 were associated with the 1A1*28 allele, though only the *28 allele was genotyped in 1A1 in these analysis. In our more intensive analysis, most of the 1A7*3 haplotype was associated with either the 1A1*28b haplotype (having 1A1*60 and *28 alleles) (26.1% of the 1A7*3 haplotype) or the 1A1*6 haplotype (67.2% of UGT1A7*3). Thus, different profiles for the linkage of 1A7*3 with the 1A1 polymorphisms between the Caucasians and Japanese reflect the facts that the frequency of the 1A1*6 haplotype in the Asian populations was relatively high, and that the 1A1*28 and *6 alleles were mutually exclusive. 19 In fact, linkage between 1A1*6 and 1A7*3 alleles was recently suggested in Taiwanese. 27 Innocenti et al. reported the three most common 1A9-1A1 haplotype combinations were 1A9*22-1A1*1 (36.4%), 1A9*1-1A1*28b (28.0%), and 1A9*1-1A1*1 (18.6%) for Caucasians, and 1A9*22-1A1*1 (45.3%), 1A9*1-1A1*60 (22.3%), and 1A9*1-1A1*6 (12.7%) for Asians. 28 In this study for Japanese, 1A9*22-1A1*1, 1A9*1-1A1*60, and 1A9*1-1A1*6 (58.5, 11.9, and 13.3%, respectively) were also the most common three combinations. Furthermore, we revealed that most (98.2%) of the 1A1*1 haplotype was linked with 1A9*22, and 87.1% of 1A1*6, 100% of 1A1*28c, and 93.0% of 1A1*60 were associated with 1A9*1. Collectively, haplotype combinations are suggested to be different between Caucasians and Asians. In addition, several interesting linkages were found between the segmental haplotypes as shown in the Results. For example, the segment haplotypes 1A6*4 (S7A/R184S) and 1A1*28c were strongly linked in Japanese subjects.
These linkages might be crucial for the metabolism of a certain drug for which two or more UGT1A isoforms significantly contribute to its metabolism. In fact, multiple UGT isoforms are involved in glucuronidation of several compounds, for example SN-38, 7,29 estrogens and their metabolites (estron, estradiol, 2-hydroxyestrone, and others), 30, 31 and arachidonic acid and its metabolites. 32, 33 UGT1A1, 1A9, and 1A7 play important roles in SN-38 glucuronidation. 7, 29 The 1A1*60, *28b, and *6 haplotypes are associated with reduced UGT1A1 activity to SN-38. 15, 19, 34, 35 Since the 1A9 high-activity (high transcription) haplotype *22 was dominant in Japanese (0.666), 1A9*1 can be considered (relative to *22) as a low-activity haplotype. The 1A7*3, but not *2, haplotype has a reduced glucuronidation activity (by 59%) to SN-38. 7 A more recent report has shown that UGT1A10 is also responsible for SN-38 glucuronidation, 36 and that the 1A10 *3 (T202I) is a low-activity allele. 11 We found that the Block 8/10 *IV haplotype (harboring 1A10*3) was closely linked with Block 9/6 *III (harboring 1A9*1) and Block 3/1 *IV (harboring 1A1*60). Furthermore, most of Block 9/6 *II (harboring 1A9*1 and 1A7*3) were estimated to be linked with Block 3/1 *III or *VI (having 1A1*6), or Block 3/1 *IIa (having 1A1*28b). Though the functional significance of 1A10 T202I toward SN-38 is currently unknown, it is possible that the concurrently reduced activities of UGT1A10, 1A9, 1A7, and 1A1 may influence SN-38 glucuronidation. Arachidonic acid and its metabolites prostaglandins were conjugated with UGT1A1, 1A3, 1A9, 1A10, and 2B7. 33 UGT1A1, 1A3, and 1A4 also had catalytic activities toward a hydroxylated metabolite of arachidonic acid, 12-and 15-hydroxyeicosatetraenoic acid. 32 Furthermore, glucuronidation of leucotriene B4, another arachidonic acid metabolite that mediates the inflammation process, can be catalyzed by UGT1A1, 1A3, 1A8, and 2B7. 32 Thus, co-occurrence of the functionally less active haplotypes (such as Block 9/6 *II (including 1A9*1)-Block 3/1 *VI (harboring 1A3*45W and 1A1*6)), might cooperatively influence the metabolism of several important compounds in the arachidonic acid cascade.
Since plural UGT isoforms are often involved in the glucuronidation of 'one' compound, co-occurrence of the functionally less active haplotypes in the entire UGT1A gene complex needs to be carefully considered in studies on the association of genetic polymorphisms with pharmacokinetic parameters and clinical and epidemiologic data. Our findings would provide fundamental and useful information for genotyping or haplotyping of UGT1As in the Japanese and probably other Asian populations.
Materials and methods
Human genomic DNA samples
The 301 Japanese subjects consisted of 124 arrhythmic patients, who were administered b-blockers, and 177 cancer patients, who were administered irinotecan. Genomic DNA was extracted directly from blood leukocytes. The ethical review boards of the National Cancer Center, the National Cardiovascular Center, and the National Institute of Health Sciences approved this study. Written informed consent was obtained from all patients.
Polymerase chain reaction (PCR) conditions for DNA sequencing First, the fragments were amplified from genomic DNA (150 ng) using 2.5 U of Z-Taq (Takara Bio Inc., Shiga, Japan) with 0.2 mM primers (see '1st amplification' in Table 2 for primer sequences). The exon-1's of UGT1A8 and 1A10 were simultaneously amplified by mixed primers for each gene, and those of 1A9 and 1A7 were amplified as one fragment. The primer sequences for the 1st amplification of 1A10 were described previously. 37 The first PCR conditions consisted of 30 cycles of 981C for 5 s, 551C for 5 s, and 721C for 190 s. Then, each exon 1 was amplified by Ex-Taq (0.625 U) (Takara Bio Inc.) using the first PCR products as templates with the 2nd amplification primers (0.2 mM) that were designed in the introns (see '2nd amplification' in Table 2 for primer sequences). The PCR primers for the 2nd amplification of 1A10 and 1A9 were described previously. 37, 38 Exon 1 in 1A3 and the promoter region of 1A9 were first directly amplified from genomic DNA (100 ng) using Ex-Taq as in the 2nd round of PCR described below. The second round of PCR consisted of one cycle at 941C for 5 min, followed by 30 cycles of 941C for 30 s, 551C for 1 min, and 721C for 2 min, and then a final extension for 7 min at 721C. These PCR products were then treated with a PCR Product PreSequencing Kit (USB Co., Cleveland, OH, USA) and directly sequenced on both strands using an ABI BigDye Terminator Cycle Sequencing Kit (Applied Biosystems, Foster City, CA, USA) and the primers listed in Table 2 (see 'Sequencing'). The excess dye was removed by a DyeEx96 kit (Qiagen, Hilden, Germany), and the eluates were analyzed on an ABI Prism 3700 DNA Analyzer (Applied Biosystems). All the SNPs were confirmed by repeating the PCR on genomic DNA and sequencing the newly generated PCR products.
Genotyping (pyrosequencing)
Genotyping was performed by pyrosequencing, except for UGT1A4 31C4T (R11W), 127delA (43fsX22: frameshift from codon 43 resulting in the termination at the 22nd codon, codon 65), 142T4G (L48V), 175delG (59fsX6), 271C4T (R91C), 325A4G (R109G), and IVS þ 1G4T, and 1A9 À126_À118 T94T10 or T11, which were genotyped by direct sequencing because these polymorphisms were not clearly determined by pyrosequencing. Fragments were directly amplified from genomic DNA (10-15 ng) by ExTaq (1 U) with amplification primer pairs (either primer was biotinylated) ( Table 3 ). The PCR conditions consisted of 1 cycle at 941C for 5 min, followed by 50 cycles of 941C for 30 s, 551C for 30 s (except for UGT1A 1598A4C (H533P), in which annealing was carried out at 581C for 45 s), and 721C for 30 s. Primers for 1A1 À3279T4G, À40_À39 insTA, 211G4A (G71R), 247T4C (F83L), 686C4A (P229Q), and 1456T4G (Y486D) in common exon 5 were described 
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